Mangroves are a group of pantropical plant species that exist at the interface of land and sea ( Tomlinson, 1986 ) and provide a model for assessing postglacial passive marine expansion pathways because their hydrochorous off spring (i.e., propagules) are dispersed by prevailing regional surface ocean currents ( Rabinowitz, 1978 ; Clarke et al., 2001 ) . Mangrove distributional limits are generally confi ned to the 20 ° C isotherm of seawater and areas with mean winter air temperatures ≥ 20 ° C, and by the availability of suitable low energy, soft substrate habitat ( Duke et al., 1998 ) . Fossil pollen records indicate that extensive mangrove forests existed in the Southeast United States before the LGM ( Sherrod and McMillan, 1985 and references within). However, a lack of pollen records during the LGM until ca. 3-4 kya in South Florida ( Davis, 1940 ; Scholl, 1964 ) suggests an eradication of these forests, likely due to freezing temperatures, while refugial populations persisted in more equatorial regions of Central and South America as evidenced by their continuous presence in the fossil record ( Sherrod and McMillan, 1985 and references within; see Fig. 1A ). Local extinctions likely also occurred for many Caribbean islands as a dramatic decrease in sea level (120 m lower than at present; Ionita et al., 2009 ) resulted in a coastal/intertidal zone of steep continental shelf breaks unsuitable for mangrove establishment ( Woodroff e and Grindrod, 1991 ) . Subsequent sea level rise provided suitable habitat for mangrove recolonization of islands, such as Bermuda ca. 3 kya ( Ellison, 1996 ) .
By characterizing the post-LGM expansion history of mangrove species, we gain an understanding of how extant populations are connected and how genetic diversity is distributed spatially. Th is insight can guide future management initiatives and is especially important for foundation species, such as mangroves, that provide valuable ecosystem services for coastal and estuarine communities ( Barbier et al., 2011 ) . Th e continued persistence of mangrove forests, and the associated faunal communities they support, is linked to some extent to interpopulation connectivity and intrapopulation genetic diversity. Th e current study characterizes post-LGM expansion of the red mangrove, Rhizophora mangle L. (Rhizophoraceae), a dominant species in neotropical mangrove forests. Rhizophora mangle is an exceptionally effective colonizer because it produces large buoyant propagules capable of long-distance dispersal ( Cerón-Souza et al., 2010 ; Takayama et al., 2013 ; Lo et al., 2014 ) , commonly self-fertilizes ( Lowenfeld and Klekowski, 1992 ) , and can begin reproducing at an age of only 2-3 yr ( Proffi tt and Travis, 2010 ) .
Post-LGM expansion of R. mangle has been characterized along the coastlines of Brazil ( Pil et al., 2011 ) and Mexico ( SandovalCastro et al., 2012 ( SandovalCastro et al., , 2014 . Th ese studies demonstrated that ocean circulation and coastline morphology can dictate interpopulation dispersal patterns and that genetic diversity decreases toward this species' distributional limits. However, research is lacking from other portions of this species' distributional range, specifi cally Florida, Caribbean islands, and West Africa. In this study, we inferred R. mangle post-LGM expansion to Florida and to eastern Caribbean islands by assessing the genetic structure of nine populations from the Caribbean Basin, Florida, and Northwest Africa with multilocus microsatellite data. We compared the extent of R. mangle genetic connectivity among the extensive forests along the continuous Caribbean mainland and the more restricted forests along the Caribbean islands and evaluated the relative contribution of these sources to the recolonization of Florida. We also assessed potential trans-Atlantic long-distance dispersal (LDD) between Northwest Africa and Caribbean islands.
At present, R. mangle does not span the U.S. coastline of the Gulf of Mexico ( Osland et al., 2013 ) , and therefore, post-LGM recolonization of Florida must have occurred, just as it did on Caribbean islands, by transport of propagules from more equatorial regions via ocean currents. One potential expansion route is the mainland pathway from the Caribbean mainland to Florida via a combination of the three strongest regional currents (i.e., Caribbean Johns et al., 2002 ) that fl ow west in the Caribbean Sea, through the Yucatan Channel, and into the Florida Straits along Southeast Florida ( Fig. 1A ). An alternative is the Antilles Island pathway along the Caribbean islands to Florida via the comparatively weak Antilles Current (~5 Sv; Lee et al., 1996 ) that fl ows to the northwest, east of the Greater Antilles ( Fig. 1A ) . We also considered expansion along the westward fl owing North Equatorial Current (NEC) that originates from Northwest Africa and approaches the neotropics east of the Lesser Antilles ( Stramma and Schott, 1999 ) ( Fig. 1A ) . By considering this third pathway, we explored the possibility that propagules from Northwest Africa may have played a signifi cant role in the recolonization of Caribbean islands and expand upon genetic evidence of LDD of R. mangle between West Africa and South America ( Cerón-Souza et al., 2010 ; Takayama et al., 2013 ) .
Within the context of this study, we hypothesized that (1) Rhizophora mangle recolonized the Florida peninsula via the stronger mainland pathway, (2) trans-Atlantic gene fl ow occurred from Northwest Africa to Caribbean islands, and (3) populations recolonized more recently post-LGM are less genetically diverse. Based on these hypotheses, we expected (1) greater genetic connectivity between Florida and the Caribbean mainland and greater genetic diff erentiation between Florida and Caribbean islands, (2) genetic similarities between Caribbean islands and Northwest Africa, and (3) a pattern of decreasing intrapopulation genetic diversity with latitude.
MATERIALS AND METHODS
Collection and DNA isolation -Altogether, 237 Rhizophora mangle trees were sampled from nine collection sites (referred to as "populations" throughout this publication) in the Caribbean, Florida, and Northwest Africa ( Fig. 1A , Table 1 ). Distance between populations ranges from ~250 km (South Florida to East Florida) to ~7735 km (West Florida to Senegal). Leaves were collected from 30 trees within each population, except St. Kitts ( n = 12) and Senegal ( n = 15). Sampled trees were at least 20 m apart to avoid resampling the same individual twice and identifi ed as R. mangle based on , not signifi cant after accounting for null alleles. diagnostic characteristics described by Tomlinson (1986 Microsatellite analysis -Individuals from Panama, Belize, Puerto Rico, the Bahamas, and the three Florida populations were genotyped at seven DNA microsatellite loci, RM11, RM19, RM38, RM41 ( Rosero-Galindo et al., 2002 ) , RM05, RM50, and RM86 ( Takayama et al., 2008a ) . Individuals from St. Kitts and Senegal were genotyped at six of these loci (all except RM11). Th us, RM11 was included for intrapopulation diversity indices ( Table 1 ) , but all additional statistical analyses used only the six shared loci. We initially analyzed two additional loci (RM21, RM46; Rosero-Galindo et al., 2002 ) , but did not pursue them further as all individuals from Belize, Puerto Rico, and South Florida were monomorphic for the same allele.
We used a three-primer protocol ( Hauswaldt and Glenn, 2003 ; Nance et al., 2009 ) for polymerase chain reactions (PCR). Each reaction contained a total volume of 25 μL with 10 × PCR buff er, 1.25 μM fl uorescently labeled forward primer tag, 1 μM forward primer with an additional sequence at the 5 ′ end that corresponds to the fl uorescently labeled forward primer tag, 2.5 μM unlabeled reverse primer, 0.2 mM dNTPs, 1.5 mM MgCl 2 , 0.5 U Platinum Taq DNA polymerase (Invitrogen, Carlsbad, California, USA), and 20 ng of genomic DNA. Amplifi cations were conducted on a 9800 Fast Th ermal Cycler (Applied Biosystems, Foster City, California, USA) with an initial denaturation at 94 ° C for 2 min; followed by 28 cycles of denaturation at 94 ° C for 30 s, annealing at 57 ° C for 60 s, and extension at 72 ° C for 60 s, then 8 cycles at 94 ° C for 30 s, 53 ° C for 60 s, and 72 ° C for 60 s to allow the fl uorescently labeled tag to anneal to the amplifi ed fragments; and a fi nal extension at 72 ° C for 10 min. PCR products for three or four loci were pseudo-multiplexed ( Guichoux et al., 2011 ) and separated via capillary electrophoresis on an ABI 310 Genetic Analyzer using GeneScan 600 LIZ size standard (Applied Biosystems), then visualized and allele sizes were scored in GeneMapper v.3.7 (Applied Biosystems). Microsatellite genotype data, as well as matrices of geographic and genetic distances, were archived on the Dryad Digital Repository ( http:// dx.doi.org/10.5061/dryad.609k3 ).
Data quality -We tested for deviations from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) with the program Arlequin v.3.5 ( Excoffi er and Lischer, 2010 ) . Exact tests of HWE were performed with 10 5 steps in the Markov chain and 10 4 dememorization steps. LD within each population was evaluated by a likelihood-ratio test with 1.6 × 10 4 permutations and fi ve initial conditions for the expectation-maximization (EM) algorithm. To control for type I error infl ation associated with multiple comparisons, we adjusted for the false discovery rate (FDR) ( Benjamini and Hochberg, 1995 ) by calculating FDR adjusted P values (termed q values) with the R-package QVALUE ( Storey, 2002 ) . We tested for potential genotyping errors with the program MICRO-CHECKER 2.2. 3 ( van Oosterhout et al., 2004 ) . When potential errors were identifi ed, we used the program's Oosterhout algorithm to calculate adjusted allele and genotype frequencies, which we used to manually adjust observed ( H O ) and expected heterozygosity ( H E ) and inbreeding coeffi cients ( F IS ) (see Genetic diversity, inbreeding, and marker resolution ) using standard equations ( Hartl and Clark, 2007 ) . Because the MICRO-CHECKER results indicated potential null alleles for certain population-locus combinations, we calculated a maximum likelihood estimate of null allele frequencies with the program FreeNA ( Chapuis and Estoup, 2007 ) . We also assessed genotyping errors by randomly reamplifying and genotyping 5% of the total individual-locus pairs (85 of 1632 pairs) to calculate an overall error rate for this study (see Bonin et al., 2004 ) .
Genetic diversity, inbreeding, and marker resolution -We assessed genetic diversity in terms of the number of polymorphic loci (PL), number of alleles ( A ), and observed ( H O ) and expected heterozygosity ( H E ) with Arlequin v.3.5 ( Excoffi er and Lischer, 2010 ). We calculated allelic richness (AR) standardized to minimum sample size and signifi cant inbreeding coeffi cients ( F IS ) with the program FSTAT 2.9.3.2 ( Goudet, 2002 ) . Each population with a signifi cant F IS value was further tested for inbreeding while accounting for null alleles with INEst ( Chybicki and Burczyk, 2009 ) . As an additional means of assessing genetic diversity, we determined the number of unique multilocus genotypes (MLG) within each population with Microsatellite Toolkit ( Park, 2001 ) and calculated a measure of within-population genotypic richness ( R ; Dorken and Eckert, 2001 ) .
We used two means to address the resolving power of the six microsatellite loci shared across the nine R. mangle populations. First, we estimated the polymorphism information content (PIC) with Microsatellite Toolkit ( Park, 2001 ) to evaluate each locus as either highly informative (PIC > 0.5), reasonably informative (0.5 > PIC > 0.25), or slightly informative (PIC < 0.25) ( Botstein et al., 1980 ) . In addition, we used the simulation-based program POWSIM 4.1 ( Ryman and Palm, 2006 ) to assess the extent of population diff erentiation that could be detected with these six loci, their observed allele frequencies, and the sample sizes in this study by means of Fisher's exact test.
Genetic structure -We assessed population structure with a Bayesian clustering analysis in the programs InStruct ( Gao et al., 2007 ) and structure 2.3 ( Pritchard et al., 2000 ) . Both programs use multilocus genotype data to determine the most likely number of population clusters ( K ) and then assign each genotyped individual to one or multiple clusters based upon allele frequencies and estimated selfi ng rates (i.e., InStruct) or to achieve HWE and linkage equilibrium (i.e., structure ). We used InStruct because it was developed to allow for partial selfi ng (a characteristic of R. mangle ; Lowenfeld and Klekowski, 1992 ) and departures from HWE (we found in certain populations; see Results), while we also used structure to facilitate comparisons with other R. mangle studies that used this program. Th e InStruct analysis assumed an admixture model and did not consider geographic location. A preliminary analysis included fi ve independent runs of 5 × 10 5 Markov chain Monte Carlo (MCMC) iterations aft er an initial burn-in of 2.5 × 10 5 steps with a thinning interval of 10 iterations at each K value from 1 to 9. To determine the most likely K value, we plotted the deviance information criteria (DIC) against K and chose the value corresponding to the relative plateau of the curve ( François and Durand, 2010 ; Gao et al., 2011 ) . At the determined K value, we performed fi ve longer independent runs of 10 6 MCMC iterations aft er a 5 × 10 5 step burn-in. We averaged the resulting matrices of individual membership coeffi cients ( Q matrices) across these longer runs and calculated the average pairwise similarity of these matrices ( H ′ ) to quantify run consistency with the program CLUMPP ( Jakobsson and Rosenberg, 2007 ) using the FullSearch algorithm. The averaged Q matrix was then visualized with DISTRUCT ( Rosenberg, 2004 ) . Th e structure analysis assumed an admixture model with independent allele frequencies and did not consider geographic location. Th e number of MCMC iterations and burn-in lengths for the shorter preliminary and longer fi nal runs were identical to those described above for InStruct. We used STRUCTURE HARVESTER ( Earl and vonHoldt, 2012 ) to determine the most likely K value based on the Evanno et al. (2005) method. Th e resulting Q matrices across the longer fi nal runs were averaged and visualized as described above. Th e fi nal results (i.e., averaged Q matrices) for InStruct and structure were then averaged with CLUMPP to calculate H ′ as a means of assessing diff erences between the outputs of these two programs. As a post hoc validation of these clustering results, we performed a principal coordinates analysis (PCoA) with Nei's genetic distances ( Nei, 1972 ) in the program GenAlEx 6.5 ( Peakall and Smouse, 2012 ) and plotted the fi rst three axes with the R-package Scatterplot3d ( Ligges and Mächler, 2003 ) .
We then assessed how genetic variation is partitioned at three levels of subdivision (among groups, among populations within groups, and within populations) within the Caribbean and Florida with an analysis of molecular variance (AMOVA) ( Excoffi er et al., 1992 ) in Arlequin v.3.5 ( Excoffi er and Lischer, 2010 ) assuming the infi nite allele model (IAM; Kimura and Crow, 1964 ) with F ST ( Wright, 1965 ) and the stepwise mutation model (SMM; Kimura and Ohta, 1978 ) with R ST ( Slatkin, 1995 ) . Groups correspond to the population clusters defi ned by the Bayesian clustering analyses, and Senegal was excluded from this analysis because of its location outside of the Caribbean and Florida. Th e distribution of genetic variation from this initial AMOVA diff ered for the IAM and SMM, so we performed additional AMOVAs on each group at two levels of subdivision (among populations within groups, within populations) to determine whether certain groups contributed more to these diff erences in the initial AMOVA. Also, we estimated levels of genetic diff erentiation between all population pairs (including Senegal) with F ST and R ST in Arlequin v.3.5 ( Excoffi er and Lischer, 2010 ). Signifi cance levels were determined with 2 × 10 4 permutations, and we adjusted P values for the FDR as described earlier (see Data quality ).
Hypothesis 1: Florida recolonization pathways -We used three analyses to evaluate which of two potential sources (i.e., Caribbean mainland, Caribbean islands) recolonized Florida. First, we evaluated the extent of genetic divergence among all sampled populations and along both expansion pathways to Florida (see Fig. 1A ) with an allele size permutation test ( Hardy et al., 2003 ) . Th is test determines whether a measure of diff erentiation based on allele size (i.e., microsatellite length) ( R ST ) is more informative than a measure based on allele identity ( F ST ). Th e program SPAGeDi version 1.4 ( Hardy and Vekemans, 2002 ) compares the multilocus observed R ST value (before permutation) to the distribution of permutated R ST values ( ρ R ST ) calculated by randomly reassigning allele sizes within each locus to assess the contribution of stepwise mutations vs. migration and genetic drift to population diff erentiation. Observed R ST values are expected to be signifi cantly greater than ρ R ST when populations have experienced longer divergence times and/or very limited migration ( Hardy et al., 2003 ) . We ran a series of 2 × 10 4 permutations on genotype data, with fragment lengths expressed as the number of repeat units, for all nine populations and for subsets of populations along the mainland (i.e., PAN, BLZ, WFL, SFL, EFL) and the Antilles Island (i.e., StK, PR, BAH, EFL, SFL, WFL) pathways (see Fig. 1A ).
Second, we assessed the extent of gene dispersal along both the mainland and Antilles Island pathways by testing for a pattern of isolation by distance with two Mantel (1967) tests of correlation between matrices of pairwise population D A genetic distances ( Nei et al., 1983 ) and geographic distances in Arlequin v.3.5 ( Excoffi er and Lischer, 2010 ). Signifi cance levels were determined with 2 × 10 4 permutations. Because R. mangle propagules fl oat passively in the water, we calculated interpopulation geographic distances as the distance along the coastline and/or track of the proposed dispersal pathway in Google Earth 7.1.2.2041 ( Google, 2013 ) . We fi t linear regression lines to the corresponding fi gures for graphical representation.
Th ird, we estimated historical eff ective population sizes and migration rates along both expansion pathways to Florida with the program Migrate-n v.3.6 ( Beerli and Felsenstein, 2001 ). Migrate-n estimates mutation-scaled historical eff ective population sizes ( Θ = 4 N e μ ; N e = eff ective population size, μ = mutation rate) and migration rates ( M = m/μ ; m = migration rate) using a coalescent approach. Coalescent-based methods account for the inherent history in genetic data by modeling gene genealogies backward in time to estimate past demographic parameters that led to contemporary patterns of genetic polymorphism ( Rosenberg and Nordborg, 2002 ) . Migrate-n provides a framework to test alternative migration models through comparison of marginal likelihoods and Bayes factor calculations ( Beerli and Palczewski, 2010 ) . We evaluated all possible (total of 16) migration models along the mainland and Antilles Island pathways to Florida (see Table 3 ). Sampled populations were grouped into the three population clusters defi ned by the Bayesian clustering analyses: Caribbean mainland (Panama, Belize), Florida (West, South, East Florida), and Caribbean islands (St. Kitts, Puerto Rico, the Bahamas) (see Results). All runs implemented the Bayesian inference method ( Beerli, 2006 ) and the Brownian motion mutation model with identical priors and parameter values, assumed identical mutation rates among loci, and did not consider interpopulation geographic distances. Preliminary runs were used to set uniform priors (minimum, maximum, delta) for Θ (0, 5, 0.5) and M (0, 10, 1) and the starting parameter values for all subsequent runs. A set of initial runs consisted of 10 4 recorded steps at an increment of 100 steps, aft er a burn-in of 10 4 steps, and a static heating scheme (four chains set at 1, 1.5, 3, 10 5 ). We performed three replicate runs with diff erent initial seed numbers for each of the 16 migration models to verify consistency across runs and used the Bezier approximation to the marginal likelihood to test which models best fi t the data ( Beerli and Palczewski, 2010 ) . Replicate runs resulted in comparatively consistent marginal likelihoods and indicated that eight of the 16 migration models, which corresponded to panmixia and mostly more restricted models of migration along only one of the two pathways, fi t the data far less than the other eight models. For the other eight models that better fi t the data, a set of three replicate fi nal runs were performed. Final run conditions were identical to initial runs, but were twice as long (2 × 10 4 recorded steps at 100 step increment, burn-in of 2 × 10 4 steps). We found resulting marginal likelihoods to be comparatively consistent across models and parameter values ( Θ , M ) to be qualitatively consistent across replicate runs. We present the parameter estimates (and 95% confi dence intervals) for the best choice model with the highest marginal likelihood. Historical eff ective population sizes ( N e ) were calculated as Θ /(4 μ ), assuming a plant microsatellite mutation rate of 7.7 × 10 −4 ( Vigouroux et al., 2002 ) , and the eff ective number of immigrants per generation ( N e m ) was calculated as ( Θ M )/4. Additional analyses, with run conditions identical to fi nal runs described above, were performed to assess: (1) migration between the two potential Florida recolonization sources (i.e., Caribbean mainland, Caribbean islands) and (2) whether migration rates were higher to the admixed Bahamas population (see Results) compared with the more southern islands of St. Kitts and Puerto Rico.
To evaluate patterns of contemporary migration, for comparison to historical estimates, we used BayesAss3 (BA3), a Bayesian MCMC method that estimates recent migration rates over the last several generations by using assignment methods without the assumption that populations are in HWE ( Wilson and Rannala, 2003 ) . BA3 does, however, assume that migration rates are relatively low, which we expect to be true for these R. mangle populations due to their separation by large water bodies over long distances. Also, Faubet et al. (2007) and Meirmans (2014) found convergence problems with the underlying BA3 algorithm; therefore, to address potential issues, we adhered to Meirmans' (2014) recommendations for using this program. We estimated recent migration rates for the three population clusters outlined in the Migraten analysis, as well as for all pairwise combinations of the eight Caribbean and Florida populations. Aft er converting genotype data to the BA3 format with the program Formatomatic ( Manoukis, 2007 ) , each run consisted of 10 7 MCMC iterations, with the fi rst 10 6 discarded as a burn-in, and sampling every 100 iterations. We conducted 10 independent runs, each with a diff erent initial seed number to verify that results were consistent across runs. To obtain optimal acceptance rates, between 20-60% ( Rannala, 2007 ) , MCMC mixing parameters for migration rates, allele frequencies, and inbreeding coeffi cients were set to 0.10, 0.30, and 0.50 for the three population clusters, and 0.25, 0.80, and 1.0 for all pairwise population combinations, respectively. Th ese adjustments resulted in acceptance rates of 31%, 33%, and 36% (three population clusters), and 30%, 27%, and 43% (all pairwise combinations), respectively. In R v.3.0.1 ( R Core Team, 2013 ), we used Meirmans' (2014) script to calculate the Bayesian deviance for each run and our fi nal results correspond to the run with the lowest deviance value. We converted migration rates signifi cantly greater than zero to the number of immigrants per generation ( Nm ) by multiplying by the number of individuals sampled from the receiving population.
Hypothesis 2: Northwest Africa to Caribbean islands -In addition to population structure analyses described earlier (see Genetic structure ), we constructed a neighbor-joining (NJ) tree to visualize genetic relationships among Northwest African and Caribbean island populations compared to the Caribbean mainland and Florida. We calculated intrapopulation allele frequencies with Microsatellite Toolkit ( Park, 2001 ) and used estimated values from MICRO-CHECKER (see Data quality ) to manually adjust these frequencies for populations with potential genotyping errors. Frequency data were then input into the program POPTREE2 ( Takezaki et al., 2010 ) to generate a NJ tree with pairwise D A genetic distances ( Nei et al., 1983 ) , which are more effi cient than other measures in obtaining the correct tree topology from microsatellite data ( Takezaki and Nei, 2008 ) . We determined signifi cance levels with 10 3 bootstrap replicates.
Hypothesis 3: Decreased genetic diversity with latitude -We tested for a pattern of reduced intrapopulation genetic diversity with latitude by means of separate linear regressions in R v.3.0.1 ( R Core Team, 2013 ). We regressed genetic diversity (i.e., allelic richness, observed heterozygosity) on the northern latitude of each population.
RESULTS
Data quality -Expected heterozygosity was greater than observed heterozygosity for all seven polymorphic loci (Appendix S1a, see Supplemental Data with the online version of this article). However, there was no consistent pattern of deviation from HardyWeinberg equilibrium, linkage disequilibrium, or potential geno typing errors for a particular locus, or pair of loci, to suggest a systematic bias across all populations (Appendix S1b-d). Estimated null allele frequencies were low (mean = 0.05; Appendix S1e) and repeat amplifi cations resulted in an estimated error rate of 2.5% (nonrepeatable genotypes were removed from the data set for subsequent analyses). Because we did not fi nd genotyping errors to be systematic or present at high frequencies within our data set, we used all seven loci to quantify levels of intrapopulation genetic diversity and the six shared loci in all other statistical analyses (see Appendix S1 for a more detailed description of these data quality analyses). Also, whenever possible, we adjusted allele and genotype frequencies with estimates from MICRO-CHECKER to account for potential genotyping errors.
Genetic diversity, inbreeding, and marker resolution -Genetic diversity was low across seven microsatellite loci, with a total of 35 alleles among 237 individuals (Appendix S1a), consistent with the general pattern of low allelic diversity across mangrove taxa (see review by Triest, 2008 ) . Alleles per locus ranged from 2 (RM 11, 05) to 9 (RM 41), and average allelic richness was 2.47, with a range from 1.97 (St. Kitts) to 3.00 (East Florida) ( PIC values indicated that fi ve of the six shared loci were reasonably informative (0.5 > PIC > 0.25), one loci was slightly informative (PIC < 0.25), and on average these six loci provided a reasonable amount of information (PIC = 0.30) (Appendix S1a). Simulation results from POWSIM demonstrated that this set of six loci will detect a true F ST ≥ 0.01 with a 97% probability. Th ese six microsatellite loci, therefore, provided what appears to be suffi cient resolving power to detect genetic differentiation among the nine geographically distant populations in this study, especially in light of the degree of observed population structuring (mean F ST = 0.37, P < 0.0001).
Genetic structure -For the preliminary InStruct analysis, we accepted K = 3 as the most likely number of population clusters because DIC values increased substantially from K = 1 to 3 and then reached a relative plateau (online Appendix S2). Aft er performing fi ve longer runs at K = 3, we averaged the resulting matrices of individual membership coeffi cients ( Q matrices) and found these runs to be extremely congruent ( H ′ =0.998). Altogether, 203 of the 237 genotyped individuals in this study (86%) were assigned to one of these three clusters with a probability ≥ 85%. All populations were assigned to one of these three clusters with a probability ≥ 85%, except for the Bahamas (65%). If K = 4 had been accepted as the solution, the Bahamas would have separated out as a discrete population cluster. Th e three tightly defi ned clusters coincided with the geographic locations of our sampled populations and demarcated the following genetically diff erentiated groups ( Fig. 1B ): (1) Caribbean mainland (Panama and Belize) individuals were assigned to the dark gray cluster, with some connectivity to the other two clusters.
(2) Florida individuals were assigned to the medium gray cluster. West and South Florida show almost no connectivity to other clusters, whereas East Florida shows low but comparatively higher levels of admixture. (3) Caribbean island (St. Kitts, Puerto Rico, Bahamas) and Northwest Africa (Senegal) individuals were assigned to the light gray cluster. With the exception of considerable admixture within the Bahamas, the other three populations showed almost no connectivity with other clusters.
structure also supported K = 3, and results were virtually identical to those from InStruct (Appendix S2) as indicated by the average pairwise similarity ( H ′ = 0.989) of the fi nal Q matrices from both programs. Th e PCoA ( Fig. 2 ) corroborated these Bayesian clustering analyses and provided additional support for a separation into three discrete population clusters. Admixture within the Bahamas population was indicated again by its intermediate position between the three population clusters.
Th e AMOVA at three levels of subdivision detected signifi cant diff erentiation among the three population clusters defi ned by the Bayesian clustering analyses for both the IAM ( P < 0.01) and the SMM ( P < 0.05) ( Table 2A ) . However, the distribution of genetic variation diff ered for the two models: with little variation among populations within groups (9%) based on the IAM, but considerable variation (49%) based on the SMM. Additional AMOVAs at two levels of subdivision indicated that these diff erences are driven by greater genetic diff erentiation among populations within the Caribbean island group (i.e., St. Kitts, Puerto Rico, Bahamas) and that comparatively weak genetic diff erentiation exists among populations within the Caribbean mainland and Florida groups ( Table  2B ). All pairwise population F ST and 33 of 36 R ST values were significantly diff erent from zero ( F ST = 0.04-0.67, R ST = 0.00-0.94; q < 0.05) (Appendix 1), indicative of strong population genetic structure. Nonsignifi cant R ST corresponded to the following population pairs: West Florida-South Florida, South Florida-East Florida, and Senegal-St. Kitts. Th e nonsignifi cant R ST for Senegal-St. Kitts should be viewed with caution, however, as fewer individuals were sampled from these populations ( n = 15 and 12, respectively).
Hypothesis 1: Florida recolonization pathways -Among all nine populations, the observed R ST (0.67) was signifi cantly greater than the permutated R ST ( ρ R ST = 0.35) ( P = 0.001), indicating that these geographically distant populations have been isolated for a long time, have experienced limited migrant exchange, or both ( Hardy et al., 2003 ) . Th is pattern did, however, vary along the two expansion pathways to Florida. Among populations along the mainland pathway, observed R ST (0.27) was not signifi cantly greater than the ρ R ST (0.36) ( P = 0.745), whereas among populations along the Antilles Island pathway, observed R ST (0.62) was signifi cantly greater than ρ R ST (0.35) ( P = 0.007). Th ese contrasting results are indicative of shorter divergence times among populations from the Caribbean mainland and Florida populations and longer divergence times among those from Caribbean islands and Florida.
Mantel tests did not fi nd a signifi cant relationship between genetic and geographic distance along the mainland pathway ( r = 0.62, P = 0.088; Fig. 3A ), but did fi nd a highly signifi cant pattern of isolation by distance along the Antilles Island pathway ( r = 0.95, P = 0.006; Fig. 3B ). Genetic distance, therefore, cannot be explained solely by geographic distance along the mainland pathway to Florida, whereas a pattern of limited dispersal characteristic of a stepping-stone model of gene fl ow is observed along the Antilles Island pathway to Florida.
Model testing in Migrate-n found greatest support for model 6 compared with all other potential models ( Table 3 ). Th is model considered bidirectional migration between the Caribbean mainland and Florida along the mainland pathway and only migration from Florida to the Caribbean islands along the Antilles Island pathway ( Fig. 4 ) . Estimated historical eff ective population sizes supported the role of the Caribbean mainland as LGM refugial populations because these values were signifi cantly larger for the . Th e observed trend of greater mean migration rates from the Caribbean mainland, Florida, and the islands of St. Kitts and Puerto Rico to the Bahamas, compared with migration from the Bahamas to these three areas, corroborated previous analyses that found evidence of admixture within this island population.
Estimates of recent migration rates in BayesAss3 revealed limited gene fl ow over larger spatial scales, with no evidence of significant migration (i.e., 95% confi dence intervals greater than zero) among the three population clusters from the Migrate-n analysis (Appendix 3A). Significant gene fl ow was found at smaller spatial scales along the Caribbean mainland and the Florida peninsula. An estimated 16% ( ± 11, 95% confi dence intervals) of individuals from Panama are migrants derived from Belize ( Nm = 4.8 ± 3.3); while, 11% ( ± 8) of South Florida are from West Florida ( Nm = 3.3 ± 2.4), and 18% ( ± 11) of East Florida are from South Florida ( Nm = 5.4 ± 3.3) ( Table 3 ) . Th ere was no evidence of contemporary gene fl ow among Caribbean island populations (Appendix 3B).
Hypothesis 2: Northwest Africa to Caribbean
islands -The neighbor-joining tree illustrated the extent of divergence between the ( Kopelman et al., 2013 ) .
Hypothesis 3: Decreased genetic diversity with latitude -Neither allelic richness ( R 2 = 0.003, P = 0.88) or observed heterozygosity ( R 2 = 0.044, P = 0.59) decreased signifi cantly with increasing latitude ( Fig. 6 ) . Instead, populations from the Caribbean mainland (i.e., Panama, Belize), East Florida, and the Bahamas possessed comparatively higher genetic diversity than the other fi ve populations.
DISCUSSION
Numerous taxa experienced extensive range contraction during the Last Glacial Maximum (LGM), with subsequent species-specifi c patterns of postglacial expansion owing to diff erences in biotic and abiotic factors. Coastal species, with water-dispersed off spring, off er an ideal model to evaluate expansion history as this process is driven by predominant ocean currents (e.g., Kadereit et al., 2005 ; Takayama et al., 2008b ) . Th e objective of this study was to assess the importance of alternative postglacial marine expansion pathways in shaping the genetic structure of Rhizophora mangle populations within the Caribbean Basin and Florida (see Fig. 1A ). We conclude that the mainland pathway, from the Caribbean mainland to Florida, is the primary expansion route that led to the recolonization of the Florida peninsula. However, Florida populations have diverged signifi cantly from those along the Caribbean mainland since recolonization. Limited dispersal, consistent with a stepping-stone pattern of gene fl ow, is found along the Antilles Island pathway, yet the island of San Salvador, the Bahamas is substantially admixed with more southern Caribbean islands, the Caribbean mainland and Florida. We also present evidence for trans-Atlantic longdistance dispersal (LDD) between Northwest Africa and the Caribbean islands of St. Kitts and Puerto Rico. Lastly, contrary to our expectations, we do not fi nd a signifi cant pattern of decreasing intrapopulation genetic diversity with latitude.
Hypothesis 1: Florida recolonization pathways -When comparing two potential expansion pathways to the Florida peninsula ( Fig.  1A ) , it is evident that the mainland pathway is the primary source of propagules that recolonized Florida following the LGM. A comparison of two measures of population diff erentiation (i.e., R ST , F ST ) and a phylogenetic tree ( Fig. 5 ) provide evidence for substantially shorter divergence times among populations along the mainland pathway versus those along the Antilles Island pathway to Florida. Tests for isolation by distance indicate limited gene dispersal along the Antilles Island pathway, but not the mainland pathway ( Fig. 3 ). Historical migration model testing supports expansion to Florida along the mainland pathway and not along the Antilles Island pathway ( Fig. 4 , Johns et al., 2002 ) . Th e strength of these currents leads to much shorter interpopulation dispersal times compared with the slower Antilles Island pathway (Antilles Current [~5 Sv]; Lee et al., 1996 ) where gene fl ow may occur in a stepping-stone pattern, consistent with our fi nding of signifi cant isolation by distance ( Fig. 3B ) . Moreover, the strength and south to north direction of the Florida Current may act as an eff ective barrier to propagule dispersal from Caribbean islands to Florida (see Fig. 1A ). We also found that dispersal along the mainland pathway has led to varying degrees of population connectivity along the Florida peninsula, with greater connectivity to East Florida and less to South and West Florida ( Figs. 1B, 3A, 5 ) . Th is pattern is likely due to the topography of the peninsula and the resulting location of ocean currents (see Fig. 1A ). Th e wide and shallow West Florida continental shelf maintains the Loop Current far off shore (~250 km) of West and Southwest Florida ( Ichiye et al., 1973 ) . Subsequently, the Florida Current is funneled through the Florida Straits and travels northward along Southeast Florida where the continental shelf narrows considerably (<2 km; Atkinson and Menzel, 1985 ) and the current fl ows much closer to the coast. Propagules transported by these currents would rarely reach West and Southwest Florida, instead remaining far off shore, but would reach Southeast Florida more frequently due to their proximity to the coast. A similar pattern of greater genetic exchange among populations located along regional ocean currents has also been found for Rhizophora species in Southeast Asia ( Yahya et al., 2013 ; Wee et al., 2014 ) . Th erefore, we suggest that other R. mangle populations located directly along the mainland pathway (e.g., Yucatan Peninsula, Northwest Cuba, Florida Keys) likely also exhibit substantial genetic connectivity with the Caribbean mainland and East Florida.
Although initial colonization is innately the result of dispersal from source populations, subsequent genetic diff erentiation refl ects not only recurrent gene fl ow, but also a combination of numerous factors, including demographic history and genetic drift ( Marko and Hart, 2011 ) . Fossil evidence indicates that R. mangle recolonized the Florida peninsula only ca. 3-4 kya ( Davis, 1940 ; Scholl, 1964 ) , and we found that Florida populations have diverged signifi cantly from Caribbean mainland sources since this initial recolonization ( Figs. 1B, 2, 5 ; Appendix 1). Th is pattern of genetic diff erentiation is likely the result of founder events by a small number of initial migrant propagules, as suggested by a signifi cantly smaller historical effective population size compared to the Caribbean mainland ( Fig. 4 , Table 4 ). Subsequent dispersal to Florida may have been relatively uncommon and, instead, dictated by stochastic events (e.g., hurricanes). Relatively low historical ( N e m = 2.03, Fig. 4 ) and nonsignifi cant contemporary (Appendix 3) migration rates support this idea, although in theory even a small number of migrants per generation can prevent population divergence ( Hartl and Clark, 2007 ) . Another alternative is that initial migrants may have occupied available substrate and relatively quickly become densely populated forests owing to this species' ability to selffertilize ( Lowenfeld and Klekowski, 1992 ) and reproduce aft er only 2-3 yr ( Proffi tt and Travis, 2010 ). Dense mangrove forests, producing large numbers of propagules, would off er little open space for the establishment of secondary migrants. Th is form of high-density competitive exclusion following postglacial recolonization can lead to a minimal contribution of subsequent migrants to the overall gene pool (augmenting the eff ects of genetic drift ) and has the potential to structure populations along an expansion pathway ( Waters, 2011 ; Waters et al., 2013 ) . A similar pattern of expansion and subsequent competitive exclusion is also observed for other plant species dispersed by ocean currents (e.g., Montecinos et al., 2012 ; Leys et al., 2014 ) , including Rhizophora mucronata in Southeast Asia ( Wee et al., 2014 ) . A third potential explanation is that sea current regimes may have changed since the LGM. Models estimate a reduction in the strength of the Florida Current during the last glacial period owing to a decrease in sea level ( Ionita et al., 2009 ; Lynch-Stieglitz et al., 2009 ). However, as sea level rose aft er the LGM, the subsequent increase in water transport along the Florida Current likely increased the probability of dispersal between the Caribbean mainland and Florida, which confl icts with our fi nding of nonsignifi cant contemporary migration between these two areas (Appendix 3). Dispersal along the Antilles Island pathway did not contribute substantially to the genetic landscape of Florida, but did to that of the island of San Salvador, the Bahamas ( Fig. 1B ) . Unexpectedly, San Salvador is also considerably admixed with the Caribbean mainland and Florida ( Figs. 1B, 2 , 5 , Appendix 2). One potential explanation for this admixture is that the mainland pathway extends past Florida to the islands of the Bahamas. Circulation models show that particles released from Southeast Florida in August-September are carried northward by the Florida Current and a small number eventually reach the Bahamas ( Putman and He, 2013 ) . Rhizophora mangle propagules in Florida generally abscise from maternal trees in August-October (D. J. Devlin, personal observation) and presumably could be transported to the Bahamas by these same currents. Another potential explanation is that propagules dispersed from the Caribbean mainland to northern Cuba, with subsequent population expansion eastward along the coast and eventual propagule dispersal northward to both Southeast Florida and the Bahamas. Th e cactus genus Harrisia underwent a similar pattern of expansion from West to East Cuba and subsequent dispersal to Florida and neighboring islands in the Greater Antilles, including the Bahamas, although seeds were likely dispersed by animal vectors, not by ocean currents ( Franck et al., 2013 ) . Further characterization of the genetic structure of additional Bahamian and Cuban populations is needed to provide a better understanding of the recolonization history of R. mangle on these islands.
Hypothesis 2: Northwest Africa to Caribbean islands -Th e similarity in genetic structure of populations from Northwest Africa (i.e., Senegal) and the Caribbean islands of St. Kitts and Puerto Rico ( Figs. 1B, 2, 5 ) is consistent with trans-Atlantic long-distance dispersal (LDD) over a distance of ~5000 km. Th e tropical Atlantic Ocean features three major ocean currents between West Africa and the Neotropics: the westward fl owing North Equatorial (NEC) and South Equatorial (SEC) Currents and the eastward fl owing North Equatorial Countercurrent (NECC) ( Renner, 2004 ) . Longdistance dispersal from Senegal, at this species' northern range limit in West Africa ( UNEP, 2007 ) , to the Caribbean islands would follow the NEC (see Fig. 1A ). Th e NEC fl ows from Northwest Africa, off the coast of Senegal, directly to the Lesser Antilles ( Stramma and Schott, 1999 ) . Cerón-Souza et al. (2010) and Takayama et al. (2013) found evidence for LDD of R. mangle between West Africa and South America over a distance of ~7000 km, as did Nettel and FIGURE 5 Neighbor-joining tree of nine Rhizophora mangle populations generated with D A distances ( Nei et al., 1983 ) . Bootstrap probabilities are indicated next to the branches. West, South, East Florida (W/S/EFL). (2007) for the black mangrove ( Avicennia germinans ) and Takayama et al. (2008b) for the mangrove associates Hibiscus tiliaceus and pernambucensis . Long-distance dispersal between R. mangle populations in West Africa and South America would presumably follow the SEC. Renner (2004) notes that propagule transport is unlikely to follow the NECC and would not occur from the Caribbean islands in this study to Senegal because the NECC is farther south. Th erefore, combining fi ndings from this study with those from Cerón-Souza et al. (2010) and Takayama et al. (2013) , LDD between R. mangle populations separated by the Atlantic Ocean encompasses both the NEC and SEC and extends from at least as far north as Puerto Rico and as far south as Brazil. Further research is needed to better understand fi ner-scale dispersal patterns of this species along both of these currents.
Long-distance dispersal of propagules is an essential component of species range expansion and the colonization of islands ( Cain et al., 2000 ) . As mangroves likely experienced local extinctions on many Caribbean islands during the LGM because of a lack of suitable coastal intertidal habitat with decreased sea level ( Woodroff e and Grindrod, 1991 ; Ellison, 1996 ) , these islands were recolonized relatively recently (i.e., post-LGM). Our data indicate that R. mangle populations on the islands of St. Kitts and Puerto Rico were recolonized by propagules from Northwest Africa ( Figs. 1B, 2 , 5 ) and not from Caribbean mainland populations (Appendix 2). Recent genetic exchange across the Atlantic is supported by the degree of genetic diff erentiation between Senegal and the Caribbean islands of St. Kitts, Puerto Rico, and the Bahamas (average F ST = 0.190; this study) compared with values estimated by Cerón-Souza et al. (2012) for four Panamanian populations separated by the more ancient barrier of the Central American Isthmus (CAI) (average F ST = 0.492). Th ese F ST values equate to more than 2.5 times greater interpopulation diff erentiation across the CAI than across the Atlantic Ocean. Trans-Atlantic transport along the NEC occurs from Northwest Africa to the islands of the Lesser Antilles, which possess relatively small areas mangroves can inhabit ( Imbert et al., 2000 ; Angelelli and Saff ache, 2013 ) . Th us, even a small number of initial West African propagules could relatively quickly reproduce and occupy a signifi cant portion of these islands' available habitat. Th is recolonization scenario seems plausible because water entering from the Atlantic Ocean to the Caribbean Sea, through the Lesser Antilles passages, fl ows from west to east ( Johns et al., 2002 ) and likely impedes northward propagule transport from South America to certain Lesser Antilles islands. Characterization of the genetic structure of additional Caribbean islands, especially those closer to South America (e.g., Barbados, Grenada), would provide a more detailed picture of the extent of postglacial LDD from West Africa to Caribbean islands.
Although some caution is warranted because sample sizes are considerably smaller for both the Senegal ( n = 15) and St. Kitts ( n = 12) populations, we believe that even with more extensive sampling the patterns described in the previous two paragraphs would not change substantially. First, the Puerto Rico population contains an equivalent number of individuals to other populations in this study ( n = 30) and is clearly most genetically similar to these two less extensively sampled populations ( Figs. 1B, 2, 5 ) . Second, both Senegal and St. Kitts were generally characterized by only one frequent allele at each genotyped locus and a small number of low frequency alleles (online Appendix S3). If more individuals were sampled, we may have encountered more of these uncommon alleles, but our characterization of the overall population genetic structure would not diff er substantially.
Hypothesis 3: Decreased genetic diversity with latitude -In general, genetic diversity is low across mangrove taxa, with a further decrease toward range limits (see review by Triest, 2008 ) . However, contrary to expectation, we did not fi nd a signifi cant pattern of decreasing genetic diversity (i.e., allelic richness [AR], observed heterozygosity [ H O ]) with latitude in support of post-LGM expansion from lower latitude refugia ( Fig. 6 ) . Glacial refugia generally harbor greater genetic diversity than areas colonized following the glacial period ( Hewitt, 2000 ) . Higher genetic diversity ( Table 1 ) and a signifi cantly larger historical eff ective population size ( Fig. 4 ,  Table 4 ) support the role of Caribbean mainland populations as glacial refuge populations for this species. However, comparatively high diversity is also found at higher latitude in the Bahamas (23 ° N) and East Florida (27 ° N). Areas colonized from diff erent sources, such as the Bahamas population, may possess increased genetic diversity (e.g., Olsen et al., 2004 ; Kolbe et al., 2008 ) . Lower diversity is present in Senegal Instead of latitude, connectivity to putative refugial populations along the Caribbean mainland via ocean currents appears to dictate genetic diversity within Caribbean island and Florida R. mangle populations. Previous studies of R. mangle have focused on post-LGM expansion along a continuous coastline ( Pil et al., 2011 ; Sandoval-Castro et al., 2012 where range expansion could follow a stepwise pattern from lower to higher latitudes as climate warmed. In theory, this type of linear expansion would result in decreased genetic diversity with latitude ( Excoffi er et al., 2009 ). However, we found that in the Caribbean Basin and Florida expansion was not linear and, instead, followed the multiple dispersal pathways assessed in this study. As a result, independent of latitude, populations connected to Caribbean mainland sources by the mainland pathway have maintained greater genetic diversity, whereas lower latitude Caribbean island and West/South Florida populations are eff ectively isolated from the Caribbean mainland and are much less genetically diverse. A second factor controlling intrapopulation genetic diversity may be forest size. Island populations typically harbor lower genetic diversity than their mainland counterparts due to their smaller sizes that can prevent the accumulation of greater genetic diversity ( Frankham et al., 2002 ) . Areas of suitable mangrove habitat along both the Caribbean mainland and the Florida peninsula are much more extensive than their counterparts on Caribbean islands ( Spalding et al., 2010 ) and, therefore, may have the potential to accumulate greater genetic diversity even at higher latitudes.
Population connectivity and management implications -Although R. mangle propagules can survive extended periods in salt water ( Rabinowitz, 1978 ) , we found that populations from the Caribbean mainland, Caribbean islands, and Florida are not panmictic ( Table 2A ) . Gene fl ow is infrequent enough to separate the region into at least three discrete population clusters ( Figs. 1B, 2 ) . Within each cluster, the direction and relative strength of regional ocean currents appear to be a major determinant of population connectivity ( Tables 2B, 5 ). First, the Caribbean mainland may consist of one relatively continuous population as suggested by low diff erentiation between Panama and Belize (Appendix 1) over a relatively large geographic scale (~1430 km) and supported by fi ndings of weak population structure between two estuaries in Panama ( Cerón-Souza et al., 2012 ) and among four areas along the coast of Mexico ( Sandoval-Castro et al., 2014 ) . We also, unexpectedly, found evidence of recent migration from Belize to Panama ( Table 5 ) , contrary to the predominant direction of the Caribbean Current. Migration in this direction may be the result of a semicontinuous eastward fl ow, counter to the Caribbean Current, that has been documented along the southern coastline of the Caribbean Sea (e.g., Andrade et al., 2003 ; Richardson, 2005 ) . We suggest that this fi nding of migration from Belize to Panama is likely the result of propagule transport from areas intermediate to both Panama and Belize (e.g., Nicaragua, Costa Rica) that may be genetically similar to the population sampled from Belize. In contrast, three Caribbean islands demonstrate much stronger genetic differentiation over a similar geographic scale (~1455 km, St. Kitts to the Bahamas) (Appendix 1). Greater diff erentiation is expected along an island chain due to the inherent geographic isolation that results in lower rates of colonization ( Losos and Ricklefs, 2009 ) compared with populations along a continuous coastline. We also found that genetic connectivity varies along the Caribbean island chain. Genetic distances between St. Kitts and Puerto Rico and between Puerto Rico and the Bahamas are relatively similar ( Fig. 3B ) despite a substantially greater geographic distance between the latter two islands (~365 and ~1090 km, respectively). Th e Antilles Current fl ows northwest from Puerto Rico directly to the Bahamas ( Lee et al., 1996 ) and may partly explain why this greater geographic distance does not translate into greater genetic distance. Also, as discussed earlier, Caribbean islands possess limited areas where mangroves can inhabit, especially in the Lesser Antilles ( Imbert et al., 2000 ; Angelelli and Saff ache, 2013 ) , and reduced population sizes can augment the eff ects of genetic drift on population structure, as well as limit genetic diversity that may in part explain the lack of a relationship between R. mangle intrapopulation diversity and latitude ( Fig. 6 ) . Lastly, genetic diff erentiation is comparatively weak for three Florida populations (Appendix 1), which may refl ect a combination of their relatively recent recolonization and recurrent gene fl ow. Estimates of recent migration rates indicate that these populations are connected from West to South to East Florida ( Table 5 ) , consistent with predominant water fl ow in this same direction along the apex of the peninsula ( Smith, 1994 ) . Similar gene fl ow has been observed for Florida oyster ( C. virginica ) populations ( Reeb and Avise, 1990 ) , while other marine species have varying degrees of diff erentiation along the peninsula (see review by Soltis et al., 2006 ) .
Population genetic data, such as those presented here, can provide insight necessary for the management of natural populations ( Schwartz et al., 2007 ) . By outlining patterns of genetic diff erentiation, demographically isolated populations known as management units (MUs) can be identifi ed and then monitored ( Palsbøll et al., 2007 ) . Takayama et al. (2013) recommended two MUs for Caribbean and Atlantic R. mangle : West Africa-Brazil and the rest of the Atlantic region. Th is study adds to their initial fi ndings by delineating this Atlantic region into the three population clusters outlined in the previous paragraph ( Figs. 1B, 2 ). Caribbean and Atlantic R. mangle , therefore, consist of at least four MUs, each of which will require a unique set of local management strategies to ensure the preservation of extant genetic diversity within these mangroves, as well as the associated communities they support. Th is further delineation is of particular importance as mangrove forest area is declining worldwide ( Duke et al., 2007 ) , especially along the Caribbean mainland in Central America ( Polidoro et al., 2010 ) , and both Central America and Caribbean islands are predicted to experience greater mangrove species loss under future climate change ( Record et al., 2013 ) .
CONCLUSIONS
Understanding how past events and regional variables have infl uenced species' distributions provides critical information for management and insight into potential responses to future climatic changes. Th is study presents evidence for a complex post-LGM expansion history of the mangrove foundation species, Rhizophora mangle , in the Caribbean Basin and Florida. Discrete ocean circulation pathways have resulted in genetic connectivity between the Caribbean mainland and Florida, as well as between Northwest Africa and Caribbean islands. Connectivity to putative Caribbean mainland refugial populations, and not latitude, appears to dictate variation in genetic diversity within Caribbean island and Florida R. mangle . Th e pathways described in this work provide a framework for further investigation with additional water-dispersed neotropical species with diff erent life histories. 
